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Chapter 1 
INTRODUCTION
Purpose and Scope
The Ruby River, tributary to the Jefferson River in southwestern 
Montana, is known to carry high sediment loads. It becomes turbid in 
early spring with the first warm weather and snowmelt and remains so 
until middle summer when the snowpack is depleted and waters recede. In 
recent years of above average mountain precipitation and streamflow, the 
channel of the Ruby River has been shifting and banks have been sloughing. 
Ruby Reservoir is filling with sediment and fishing isn't "what it used 
to be."
Since 1902, the U. S. Forest Service has been steward of the land in 
the upper Ruby River basin where nearly all water of the drainage is pro­
duced. Historically, National Forest land has been used mainly for summer 
sheep and cattle grazing. Big game hunting, trout fishing, and general re­
creation have increased dramatically in recent years. Demands for land use 
have become complex.
Faced with increased public pressure and a glaring need for factual 
information about the land, the Beaverhead National Forest initiated an 
interdisciplinary study— The Ruby River Study— in 1975. This paper is pri­
marily a summary of preliminary findings on suspended sediment yields, and 
general hydrology. Most emphasis is on quantification of annual suspended 
sediment yield at six river and eight tributary water quality stations for 
water years 1975 and 1976 to determine major sediment contributing streams 
and reaches of the upper Ruby River. Integration of existing information 
in other disciplines which might be pertinent to erosion and sediment trans­
port or to the water resource in general is included.
Chapter 2 
PREVIOUS WORK
The general hydrology of the Ruby River drainage has been described 
by Fames and Shafer (1975). Water quality data collection for land use 
planning was begun at three stations within the study area by the U, S. 
Forest Service in 1972. The Montana Fish and Game Department (Elser and 
Marcoux, 1972) sampled fish populations and turbidity in 1971. Poff (1974) 
has compiled a land type map of the area. Aid en (1953), Mann (1954), 
Christie (1961), Hadley (1969), Lustgraaf (1975), and Monroe (1976) des­
cribed the geology of the area.
Chapter 3 
THE UPPER RUBY RIVER ENVIRONMENT
Location and Accessibility
The upper Ruby River area is located in the southern part of Madison 
County, in southwestern Montana, between meridians 111*50' West and 112*09' 
West and parallels 44*47' North and 45*10' North. The study area (Figures 1 
and 2) includes about 214 square miles of the Ruby River headwaters— all 
within the Beaverhead National Forest. It is located approximately 20 miles 
south of Virginia City, Montana,
The upper Ruby River valley is accessible by a partly paved! and partly 
gravelled road that follows the course of the Ruby River southward from 
its junction at Alder, Montana, with Montana State Highway 287. ' This road 
passes over a low divide at the head of the upper Ruby River basin and con­
nects with Interstate Highway 15 at Monida, Montana. On the east side of 
the study area is a road along the entire length of the Gravelly Range 
drainage divide. Three dirt roads connect these major routes and jeep 
trails are numerous. Roads in the area become impassable to cars in the 
fall with snowfall, and remain so until snowdrifts melt and roads dry in 
early summer. Foot and horse travel is easy over most of the area. 
Topography
The upper Ruby River valley lies between the Gravelly Range to the 
east and the Snowcrest Range to the west. The Greenhorn Range is to the 
north and is divided from the Snowcrest Range by the Ruby River flowing 
through the canyon area, a constriction in the valley and lowesti point of 
the study area at about 5,890 feet above sea level. Highest point in the 
study area is Black Butte, standing at 10,545 feet in the middle of the
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Figure 1, Index Map Showing Location of Study Area (After Christie, 1961),
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Gravelly Range, Towering a full 1,000 feet above other points on the 
Gravellys, it is an easy-to-find landmark. The Gravelly Range slopes 
gently to the Ruby Valley in long, grass-covered pediment slopes extend­
ing down from a relatively flat grass-covered crest.
To the west, the Snowcrest Range, with five named peaks over 10,000 
feet, stands in accord with the top of Black Butte. The sharp ridges and 
steep slopes of the Snowcrest Range contrast with the subdued topography 
of the Gravelly Range.
In the upper Ruby River Basin the Ruby River flows northward along a 
synclinal valley and a narrow flood plain. Starting at the Centennial 
Divide at approximately 7,350 feet, the valley extends 18 miles to Ruby 
Canyon. This headwaters divide is 2,000 to 3,000 feet lower in elevation 
than the two mountain ranges of the basin on the east and west perimeters. 
Mann (1954) stated that unlike so many other similar basins of the Northern 
Rocky Mountain physiographic province, the Ruby River Basin in this area 
shows no trace of Tertiary "lake beds" and, except for local deposits of 
Quaternary alluvium, the valley floor is cut on Cretaceous rocks. Monroe 
(1976) has, however, described a Cenozoic basin on the Ruby River just 
downstream from Ruby Canyon where Tertiary sediments partly from the upper 
Ruby Were deposited.
Climate
The climate of southwestern Montana is fairly typical of Intermountain 
valleys and higher plateaus of the northern Rocky Mountains. Summers are 
agreeably warm during the day, but are also pleasantly cool at night. Winter 
weather around the Dillon area, 30 miles to the west, has been described as 
being not as severely cold as commonly thought (U. S. Department of Commerce, 
1965). Cold waves that invade the north-central plains States several times
Figure 3. Upper Ruby River Basin with Snowcrest Mountain Range in 
Background, Spring of 1977.
Figure 4. Gravelly Range in Spring of 1977.
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a winter don't always penetrate this far southwestward because of the 
protection afforded by several mountain ranges. Average annual precipi­
tation ranges from a low of 10-12 inches in valleys to 40-50 inches in the 
mountains. In the Dillon area for the period 1935-1964, seventy-four 
percent of the precipitation occurred during the April 1 to September 30 
growing season. During that same 30-year period, greatest one-day total 
rainfall at Dillon was 1.79 inches in September, 1940. Extreme temperatures 
were 100 degrees and -36 degrees Farenheit.
Figure 5 is a map of the study area showing mean annual precipita­
tion isohyets and the location of precipitation storage gages and snow 
survey sites. Range of average annual precipitation is from 15 to 35
inches. The nearest National Weather Service climatological station is
at Virginia City at elevation 5,758 feet, approximately 20 air miles north 
of the center of the study area and at nearly the same elevation as the 
lowest point of the study area. Mean annual temperature at Virginia City 
for the period 1941-1970 is 42.1 degrees Farenheit. Long term annual 
precipitation is plotted in Figure 6, and five-year running average annual 
precipitation showing trends more clearly is in Figure 7. Average annual 
precipitation for 84 years of complete record is 14.63 inches. Table 1 lists 
monthlÿ distribution of precipitation.
Monthly Precipitation in Inches
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANNUAL
0.66 0.51 0.98 1.30 2.19 2.43 1.44 1.26 1.37 1.00 0.85 0.70 14.63
(n)* 87 88 87 87 85 86 86 86 84 85 86 86 84
*Number of Observations
Table 1. Precipitation Summary, Virginia City, Montana (U. S. Dept, of
Agriculture 1937; U.S. Dept, of Commerce 1955, 1965, 1962-1977).
FIGURE 5.
Map of Mean Annual Precipitation 
in Upper Ruby River (after U. S, 
Soil Conservation Service, 1968)
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Mueggler (1971) collected weather data during five growing seasons 
on the Gravelly Range. He found solar radiation to be highest in July 
and that radiation received at 8,200 feet did not differ appreciably from 
that received at 7,100 feet. Cloud-free days averaged 9 and 7 percent 
for May and June, respectively. The number of cloud-free days for July 
and August increased to 17 and 20 percent and by September and October, 
about one-fourth of the days were virtually cloud-free. In the five year 
study, the absolute maximum air temperature reached was 86 degrees fahren- 
heit on July 30, 1966. In contrast, maximum temperatures never exceeded 
75 degrees Fahrenheit in May or 80 degrees Fahrenheit in June.
Mueggler found that at no time did the weekly averages of minimum 
temperatures rise above 51 degrees Fahrenheit and that average minimum 
temperatures did not rise above freezing until about mid-May and by mid- 
October, average nighttime temperatures were again below freezing. The 
only month in the five year study period in which freezing temperatures 
were not recorded was July. An analysis which compared his mountain sta­
tion temperatures to those at Virginia City revealed that maximum temper­
ature was approximately 8 degrees Fahrenheit lower and minimums were ap­
proximately 3 degrees Fahrenheit lower at the Gravelly Range than at 
Virginia City.
Geology
The upper Ruby River basin is underlain by sedimentary rocks of early 
Carboniferous age of the Paleozoic through all of the Mesozoic era. Mann 
(1954) reported that over 8,000 feet of sedimentary rocks are exposed on 
the east side of the Gravelly Range and that all periods of the Paleozoic 
and Mesozoic, with the exception of the Ordovician and Silurian, as well 
as part of the Cenozoic era are represented.
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An exhumed volcanic neck of Tertiary basalt is exposed at Black Butte 
on the Gravellys and some uplifted Precambrian metamorphic rocks outcrop 
on the Greenhorn Range. Small areas of Tertiary sediments and Quaternary 
alluvium and glacial drift are scattered throughout the upper Ruby basin.
With over 90 percent of the surface area underlain by soft, easily 
erodible sediments (see Figure 8), the topography is generally subdued 
and subject to high natural erosion rates. That broad interfluves repre­
senting pediment slopes exist today is probably due to the slow rates of 
uplift and low orders of relief maintained throughout the periods since 
Oligocene time. The salient features of the physiographic development of 
the area following Laramide Orogeny and uplift were described by Mann:
1. Post-Laramide-Pre-Oligocene pedimentation.
2. Oligocene burial of topography by volcanic material.
3. Planation of the area, probably by late Miocene time, 
followed by Pliocene uplift.
4. Exhumation of the buried topography and superposition of 
the drainage on the underlying structure,
5. Pleistocene glaciation, followed by erosion to the present 
time.
The major structural feature of the upper Ruby basin is the north- 
south oriented syncline. The overturned west limb now forms the higher 
part of the Snowcrest Range. The Gravelly Range represents the moderately 
inclined east limb. Compressional forces pushed up small tightly folded 
anticlines in the Jobe and Warm Springs Creeks exposing small areas of 
underlying sediments of Jurassic, Triassic and Permian ages.
Cretaceous sediments of the Cloverly, Colorado, Kootenai, and Aspen 
formations cover most of the drainage except for along the crest of the 
Gravelly, Snowcrest, and Greenhorn Mountains where folding and erosion 
exposed portions of Jurassic, Triassic, Permian, and Carboniferous sed­
imentary rocks.
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FIGURE 8 Generalized Geological Map of the 
Upper Ruby River Drainage
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Generalized Geological Map of the Upper Ruby River Drainage
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Tv Tertiary
Qa Quaternary
Qg
Tc Tertiary
Ts
Ku Cretaceous
Ju Jurassic
Triassic
Pu Permian
Cu Carbonif erous
P€ Precambrian
Igneous Rocks 
Volcanic rocks mainly of basaltic composition
Sedimentary Rocks
Alluvial deposits
Glacial deposits
Limestone cobble conglomerate
Poorly consolidated clays and conglomerates
Shale, siltstone, sandstone with some limestone
Marl, sandstone, shale, siltstone, and limestone
Siltstone, shale, sandstone, and carbonates
Sandstone, limestone, shale, phosphatic beds
Limestone, red siltstones and shales, dolomite, 
sandstone
Metamorphosed sediments: crystalline limestone,
schists, quartzites, and gneiss
After Mann (1954), Hadley (1969), and Lustgraaf (1975)
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Non-metallic mineral deposits of unknown economic potential occur 
in the area. Uranium and phosphate have been found in the Permian 
Phosphoria Formation. Local deposits of gypsum and talc are found in 
the Ellis Formation of Jurassic age and coal lenses occur in the Cretaceous 
Cloverly Formation. Oil and gas reserves may exist in the overthrust 
zone of the Snowcrest Range,
Soils and Land Types
Poff (1974) compiled a land type map of the Beaverhead National 
Forest for broad land use planning purposes. Soils, landform, and vegeta­
tive cover were described for each land type. He described soils on the 
east side of the Ruby River generally to be deep, moderately well to 
somewhat poorly drained silty clay loams, silty clays, and clays. About 
one-half of the east side is mapped as slumps and glacial till (Figure 9) . 
While mass wasting is probably the dominant geomorphic process, Poff 
(personal communication, 1977) stated that past glacial activity has 
probably influenced the landforms more than was previously thought. At 
any rate, whether the east side landforms are glacial till moving on 
dip slopes or slumps overlying soft Cretaceous sediments, they both are 
likely to be unstable and significant sources of sediment delivery to 
streams. Similar textured mountain grassland soils lie on a large part 
of the remainder of the Gravelly Range side and at the south end, but these 
are stable. Cryoplanation (frost churning) is probably the dominant geo­
morphic process on these landforms.
The west side is more complex. Heavy textured grassland soils occur 
on subdued topography and alluvial bottoms while sandy and gravelly loam 
soils occur on the steeper slopes. Cryoplanation is the dominant geomorphic 
process. Near the top of the Snowcrest and Greenhorn Mountain Ranges,
17
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Figure 9. Land type map of the upper Ruby River showing landflows in 
red and glacial till in blue (after Poff, 1974),
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steep structural breaklands with well developed avalanche chutes and debris 
slides are common. There is more evidence of alpine glaciation on the 
Snowcrest Range.
Drainage
The upper Ruby River drainage pattern is asymmetrically dendritic 
(Figures 10 and 11) and consists of approximately 925 miles of channel. 
Except for the mainstem, few streams are adjusted to geologic structure.
Only a few tributaries occupy courses conformable to the general north- 
south alignment of the rock strata. The valley, being skewed to the west, 
has short (3-4 mile) streams descending from the Snowcrests and (8-10 mile) 
streams from the Gravellys. Major tributaries with their drainage areas 
and highest stream order are listed in Table 2.
Figure 12 of the Ruby River longitudinal profile shows that the 
channel slope is nearly constant from its beginning to Ruby Canyon, with 
little evidence of resistant rock strata nick points. Representative shapes 
of tributary longitudinal stream profiles are given in Figures 13 through 
16. Warm Springs Creek and the West Fork of the Ruby River show concave­
shaped profiles while other major tributaries have nearly straight profiles. 
Channel profiles of Cottonwood and Burnt Creeks show definite nick points.
Table 3 lists channel lengths, average stream gradient, drainage area, 
and drainage density at 14 water quality stations on major tributary streams 
and at several points on the Ruby River. Channel length and drainage area 
provide an approximation of the relative size of each subdrainage. Stream 
density is a measurement of the concentration of stream channels in a sub­
drainage and often reflects the runoff efficiency and credibility of the 
subdrainage. All drainage channels were considered in this analysis as long 
as there was a distinct indentation or "V" in the contour lines appearing
19
on 1:24,000 scale U. S. Geological Survey topographic maps (U, S. Forest 
Service, 1974).
Figure 10. Dendritic drainage pattern upper Ruby River.
20FIGURE 11.
Map showing stream names and 
water quality station numbers, 
upper Ruby River,
Canyon
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Table 2. 21
DRAINAGE AREA AND STREAM ORDER 
Upper Ruby River and Tributaries
STREAM NAME
AREA
(Acres)
AREA 
(Sq .Mi.)
STREAM
ORDER* Ruby River above Coal C 14,104 (22.0) 5* Coal C 9,670 (15.1) 5* Basin C 3,598 (5.6) 4* Poison C 2,538 (4.0) 3Other facing tributaries 5,556 (8.7) 1-3
* Middle Fork (Main Fk. ) Ruby R. 35,466 (55.4) 6
* WF Ruby River 13,788 (21.5) 5
* EF Ruby River 10,410 (16.3) 4
Dog and Other facing tributaries 1.476 (2.3) 1-3
* Ruby R. % mi. below 3-Fks. 61,140 (95.5) 6
* Burnt C 4,506 (7.0) 4
* Cottonwood C 13,616 (21.3) 4
Dry Fawn-Jug, facing tributaries 8,380 (13.1) 1-3
* Ruby R. at LaVelle Bridge 87,642 (136.9) 6
Cow-Romy-Squaw-Short Cks. 9.172 (14.3) 1-3
* Ruby R. at Vigilante Bridge 96,814 (151.3) 6
Clear-Badger Cks. 2.906 (4.5) 1-3
Ruby R. above Warm Springs C 99,720 (155.8) 6
Warm Springs C above MF 17,860 (27.9) 5
Middle Fork Warm Springs C 6,198 (9.7) 5
South Fork Warm Springs C 6,800 (10.6) 4
Other facing tributaries 388 (0.6) 1-2
* Warm Springs C ab WQ Sta.(Sub. T.) 31,246 (48.8) 6
Davis and other facing tribs. 1.574 (2.5) 1-3
Warm Springs Creek — Total 32,820 (51.3) 6
Ruby R. below Warm Sprs.-Total 132,540 (207.1) 6
Jobe-Timber Cks. 4,582 (7.2) 1-3
*Ruby R. below Canyon 137,122 (214.2) 7
grand TOTAL 137,122 (214.2) 7
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Table 3
Stream Parameters at Water Quality Stations 
on Upper Ruby River and Tributaries
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CHANNEL DRAINAGE DRAINAGE STREAMDRAINAGE LENGTH AREA DENSITY GRADIENTCOMPONENT (Miles) (Mi.2) (Mi.Channel/Mi.2) (Ft./Mi
Ruby R. ab Coal C 5.27 22.0 4,55 73.1Coal C 8.45 15.1 4.93 234.9Basin C, 4.48 5.6 3.84 369.4Poison C. 5.82 4.0 3.50 329.0MF Ruby R. 11.32 55.4 4.50 61.8WF Ruby R. 8.35 21.5 5.51 332.9EF Ruby R. 8.31 16.3 4.24 265.3Ruby R. bl 3-Fks. .96* 95.5 4.69 69.8*Burnt C. 5.14 7.0 3,93 448.2Cottonwood C. 10.11 21.3 4.15 313.6Ruby R. at LaVelle .38* 136.9 4.56 52.6*Ruby R. at Vigilante 3.33* 151.3 4.50 52.2*Warm Springs C. 10.18 51.3 3.68 248.0Ruby R. bl Canyon 4.02* 214.2 4.32 36.1*
*Mainstem channel length and gradient from water quality station to next 
upstream tributary or water quality station.
Vegetation
Forest cover in the upper Ruby River is mainly Douglas-fir, (Pseudotsuga 
menziesii), lodgepole pine, (Pinus contorta), Engelmann spruce, (Picea 
engelmannii), subalpine fir, (Abies lasiocarpa). whitebark pine, (Pinus 
albicaulis), limber pine, (Pinus flexilis), and aspen, (Populus tremuloides). 
Near the valley bottom and along dry ridges the limber pine habitat type 
(Pinus flexilis/Festuca idahoensis) is found. The Douglas-fir type 
(Pseudotsuga menziesii/Calamagrostis rubescens) extends to the valley bot­
tom in stringers along north slopes. Higher in elevation on the south 
slopes Pseudotsuga menziesii/Festuca idahoensis is common. At mid-eleva­
tion (7200-8700 feet) the subalpine fir habitat types are common but 
dominated by serai species: lodgepole pine, spruce, and Douglas-fir. Abies
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Arnica cordifolia is most common there with Pseudotsuga men- 
ziesii/Calamagrostis canadensis occurring on some of the drier south 
aspects within this range. Farther up the Abies lasiocarpa-(Pinus albi­
caulis) /Vaccinium scoparium habitat type, with its low lying almost single 
species understory, exists. Highest is the whitebark pine (Pinus 
albicaulis) habitat type usually located above 9,000 feet. Pfister 
(et al., 1977) has lists of most commonly found plants in each of the 
above forest habitat types.
Mountain grasslands and sagebrush—grass plant communities make up 
well over three-fourths of the vegetative cover in the upper Ruby.
Mueggler and Handl (1974) described mountain grassland and shrubland 
habitat types for western Montana. Most of the sites on the Ruby fall 
within either the big sagebrush (Artemesia tridentata) or the Idaho fescue 
(Festuca idahoensis) series. The more arid area in the lower foothills 
near the canyon supports warm climate grasses such as Bouteloua gracilis, 
Stipa comata, and Agropyron spicatum. These droughtly habitats favor 
grasses over shrubs and forbs, and have fewer species and more natural 
bare soil. More moist sites at higher elevations have greater species 
diversity, greater litter accumulation, and greater productivity. Festuca 
idahoensis and Artemesia tridentata are generally present.
At the highest elevations, as along the crest of the Gravelly Range, 
Carex spp., Deschampsia caespitosa, Horedeum brachyantherum, and forbs 
become distinctive. In early summer, the open parklands look like flower
gardens.
Willow (Salix spp.), sedge (Carex spp.), alpine timothy (Phleum 
alpinum), and Kentucky bluegrass (Poa pratensis) make up the dominant 
cover types in the riparian zones along the Ruby River and lower reaches
29
of the tributaries.
History of Land Use
The summer rangeland in the upper Ruby drainage was utilized by 
American bison, bighorn sheep, pronghorn antelope, and grizzly bear. 
Arrowheads and other artifacts, left by various Indian tribes, can still 
be found throughout the area. It apparently was favored camping and hunt­
ing ground for them.
In the late 1800*s, the excellent range on the upper Ruby, and es­
pecially on the Gravelly Range, was discovered by sheep and cattle men, 
who pastured their stock on a first-come, first-served basis. Homesteads 
were established in the upper Ruby River drainage and many areas suffered 
from severe over-grazing (U. S. Forest Service, 1977), In 1902, National 
Forest Reserves were established and grazing came under Government regula­
tion. Some of the homesteads included within the National Forest boundary 
were traded back to the Federal Government by the General Exchange Act of 
1922. Today only a few homesteads remain and these are all on the more 
productive irrigable valley bottoms.
After the National Forests were created, the high country was allo­
cated for sheep pasture, and cattle allotments were established in the 
low country. A certain amount of '*free range" still existed on major 
livestock driveways such as along the top of the Gravellys, along the 
Ruby Valley, and along the route over the Snowcrests from Dillon to the 
Gravellys. Stock were moved "on feed" generally, and over-utilized and 
trampled the driveways. Cattle are still moved to summer pasture along 
the valley route, but sheep driveways are used very little today.
Pasture fences have been constructed in the cattle allotments and 
today the ranges are managed on a rest-rotation grazing system. Forage
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production has been improved over large areas by spraying and burning 
sagebrush, and the result has been a subsequent increase of more palatable 
plants.
Today approximately 6,000 cattle and 5,000 domestic sheep are pastured 
during summer and early fall in the upper Ruby basin. Sheep numbers have 
declined in recent years to a fraction of original numbers due largely 
to conversion of many of the suitable sheep ranges to cattle allotments.
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Chapter 4 
GENERAL WATER CHEMISTRY
General water chemistry data was gathered at each of the 14 water 
quality stations to get baseline information and to characterize the 
water. Samples were filtered and fixed according to standard procedures 
and were analyzed at a certified laboratory in Butte, Montana. Table 4 
lists the major constituents in samples taken during the peak of high 
water in June of 1975 and in samples taken at near base flow in September 
of 1976. All water quality data from the laboratory, including data from 
several field parameters, has been processed and stored in the National 
computer storage and retrieval system, "STORET”, where it is easily ac­
cessible for analysis.
Water Chemistry Characteristics
The water in the upper Ruby River Basin is of the calcium bicarbonate 
type with total dissolved solids (TDS) in the range 150 to 500 mg/1. The 
upper Ruby River above Coal Creek and Basin Creek have the lowest dissolved 
solids while Cottonwood Creek, WF Ruby, and Warm Springs Creek have the 
highest. Sulfates were particularly high (359 mg/1) in Cottonwood Creek 
during base flow. Concentrations of other major constituents were found 
to be within ranges commonly measured in Southwestern Montana. As might 
be expected, the temporal changes in water composition within the watershed 
show that in general the longer the water is in contact with the ground, as 
in base flow, the greater the concentration of dissolved solids. In his 
study on hydrogeochemical investigations of small watersheds in Southwestern 
Montana, Miller (1974) found that concentrations of dissolved solids are 
inversely related to discharge. One of the watersheds he described. Little
32
Table 4. Dissolved concentrations in milligrams per liter of major
constituents at 14 water quality stations, upper Ruby River.
Ca Mg Na K SilicaStation (6/75)(9/76) (6/75)(9/76) (6/75)(9/76) (6/75)(9/76) (6/75/9/76)
BE6010 40.0 9.9 5.9 .9 5.6BE6005 18.4 3.8 7.9 1.2 12.6BE6012 27.0 6.2 14.0 1.6 9.9
BE6013 15.1 2.3 9.2 1.3 15.0
BE6007 31.0 44.2 7.0 13.4 8.5 18.4 1.2 1.6 9.3 2.6BE6011 35.0 47.0 11.2 15.6 9.0 12.9 1.3 1.4 6.7 5.7
BE6006 29.0 46.6 8.0 14.6 5.5 13.8 1.3 1.8 9.1 6.7
BE6Q08 32.0 8.5 8.2 1.2 8.7
BE6014 31.0 8.0 8.0 1.5 10.2
BE6001 49.0 157.5 10.0 23.0 3.9 13.7 1.4 2.4 7.1 7.4
BE6003 37.0 9.0 7.5 1.3 8.2
BE6015 38.0 9.6 8.6 1.3 7.7
BE6004 59.0 79.5 18.6 24.0 5.8 7.0 2.2 3.1 10.4 11.5
BE6009 43.0 67.5 11.6 23.2 8.4 11.6 1.7 2.8 10.5 8.6
TDS SC HCOo SO^ Cl
(6/75)(9/76) (6/75)(9/76)(6/75)(9/76)(6/75)(9/76)(6/75)(9/76)
BE6010 248 296 177 7 1.3
BE6005 139 158 85 8 2.1
BE6012 206 240 132 10 4.1
BE6013 123 132 70 7 1.9
BE6007 209 334 235 374 140 235 8 16 2.4 2.8
BE6011 256 337 298 380 175 229 13 20 6.7 1.5
BE6006 192 327 223 372 126 212 11 29 1.6 1.5
BE6008 216 249 144 10 3.0
BE6014 212 243 128 18 3.4
BE6001 261 738 331 921 125 173 62 359 2.3 2.2
BE6003 233 278 144 22 2.8
BE6015 245 290 154 22 3.3
BE6004 264 477 447 600 184 190 79 159 2.6 2.0
BE6009 275 423 331 530 161 181 34 124 3.3 4.0
Water Creek near Dell, Montana, 30 miles from the Ruby River, is also of 
the Mesozoic sandstone and shale geologic type. Its water was of the cal­
cium bicarbonate to sodium sulfate type with total dissolved solids averaging 
655 mg/1, the highest of all the watersheds he examined. Predominant 
stratigraphie units there are the Kootenai, Morrison, Ellis and Phosphoria 
Formations.
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Chapter 5 
ANNUAL SUSPENDED SEDIMENT YIELD
Fluvial sedimentation is related to the processes of erosion, trans­
port, and deposition of soil and rock fragments by the action of water.
The sediment load transported past a given channel section can be con­
sidered to consist of suspended load and bed load (Leopold, et al,, 1964). 
Suspended load is that sediment which remains in suspension as a result 
of the movement of water and includes colloidal particles with slow rates 
of settling. The bed load is that portion of the sediment load which moves 
by sliding, rolling, or saltating on or very near the bed.
Methods
For the sediment study field data on stream discharge, stream stage, 
and suspended sediment concentration were collected. This data is stored 
in "STORET", the National storage and retrieval system. After development 
of hydrographs for each station, prediction of daily sediment concentration 
was determined through regression analysis of stream discharge-sediment 
concentration relationships.
Fourteen water quality stations in the upper Ruby River basin were 
maintained during water years 1975 and 1976. Six of the stations were on 
the mainstem of the river and eight stations were on major tributary streams, 
all near their confluence with the river. Stage gages were established at 
each station and cross-sections for stream discharge and suspended sediment 
sampling were located nearby.
Lacking continuously recorded stream gage data, the job of synthesizing 
annual hydrographs for each of the 14 sampling stations was tedious. Stage- 
discharge equations were developed at each station so that a reasonable
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estimate of streamflow for every sediment sample could be obtained.
Use of the streamflow data collected by the U.S.G.S. at their Ruby 
River station above the Ruby Reservoir was invaluable for an index station.
By plotting the mean daily discharge of this station, the shape of the 
hydrographs for the water quality stations above could be reasonable con­
structed between points of actual measurements. Reliance on these relation­
ships was high during the fall and winter months, but this was also at the 
time when sediment transport rates were relatively insignificant.
Techniques of suspended sediment sampling were patterned after the 
equal-transit-rate method (Guy and Norman 1970) where a sample volume pro­
portional to the amount of flow at each of several equally spaced verticals 
in the stream cross-section were taken. A hand-held US DH-48 suspended 
sediment sampler was used to take depth integrated samples by wading.
When the water was either too swift or too deep to wade, depth integrated 
samples were taken from both sides of the river at points as far out from 
shore as safety permitted. The water level of each suspended sediment 
bottle was marked so the volume of sample could be measured at the analytical 
laboratory, Montana Bureau of Mines, Butte, Montana, using standard U. S. 
Geological Survey methods for suspended sediment analysis (Guy 1969).
Results from the laboratory analysis are suspended sediment, in milligrams 
per liter (mg/1), computed as one million times the ratio of dry weight of 
sediment in grams to the volume of water-sediment mixture in cubic centi­
meters. The product of mean daily streamflow rate (cubic feet per second) 
and the mean daily sediment concentration (mg/1) times a factor (k) of 
0.0027 was used to estimate the daily suspended sediment discharge rate in 
tons/day after the U.S.G.S. method described by Guy (1970).
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For days in which there were no samples taken for suspended sediment, 
an estimate was obtained from a sediment-stream discharge relationship 
developed at each station and for each year. These regression relation­
ships for each water quality station are described by the equation,
^s^^Qw^» where: is sediment concentration, is stream discharge, and
a and b are empirical constants. The two year average sediment rating 
curves for the stations are compared in Figure 17.
Suspended Sediment Yield
The total annual suspended sediment yield for the upper Ruby River 
basin for water years 1975 and 1976 is listed in Tables 5 and 6. It can 
be seen that the months of May, June, and July make up the bulk of the 
significant sediment transport period. In 1975, June was the high pro­
duction month while in 1976, May was the largest producer. Considerable 
variation in basin yield (Station BE6009 at Canyon) for the two years is 
noteworthy. In 1975, over 50,000 tons were transported past this station 
compared to about 20,000 tons in 1976.
Bed Load Yield
No attempt was made to measure bed load in this study. Observation 
by the author and others is that very little bed load transport is occuring 
in this watershed. Lisle (1972) in his study of the West Fork of the 
Madison River on the east side of the Gravelly Range did attempt to measure 
bed load. He estimated that bed load transport at the mouth of the West 
Fork was less than two percent of total yield in 1971 and that total sedi­
ment yield was 70.4 tons per square mile.
lOOO
lA
;
H
A4
S lOO
IS
C5wI
g
l O8
IS114
iO too lOOO
STREAM DISCHARGE IN CUBIC FEET PER SECOND
Figure 17. Sediment rating curves (average for water years 1975 and 1976) for 
water quality stations on the upper Ruby River.
Table 5. Suspended sediment yield in tons for water year 1975, upper Ruby River drainage.
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Station OCT. NOV. DEC. JAN. FEB. MAR. APR. MAY JUNE JULY AUG. SEP. TOTALBE6001 i .31 .66 .20 .16 .14 .16 1.85 101.38 13,371.15 809.92 4.08 .66 14,290.6:BÈ6003* 2.79 3.60 2.48 2.48 2.24 2.48 7.33 2,659.37 26,845.65 3917.33 112.32 16.20 33,574.2:BE6004 22.94 28.40 19.88 18.56 17.16 16.67 44.47 527.08 2,257.94 227.60 38.75 23.03 3,242.48BE6005 : .06 .09 .06 .06 .06 .06 .09 153.32 2,588.45 85.75 1.98 .30 2,830.28BE6006 I .31 .30 .31 .31 .28 .31 .30 588.19 5,701.98 319.12 4.57 .30 6,616.28BE6007* 1.86 2.40 1.86 1.86 1.68 1.86 1.90 688.17 7,874.77 725.87 31.15 7.20 9,340.58BE6008* 4.03 5.10 4,03 4.03 3.64 4.03 5.19 2,255.29 18,319.44 2967.13 131.73 16.65 23,720.29BÉ6009* 22.63 24.60 24.49 23.38 19.60 21.70 46.35 3,717.28 38,855.69 7110.97 207.15 49.56 50,123.40BE6010 1.86 2.40 1.86 1.86 1.68 1.86 2.10 237.67 1,426.52 541.25 28,13 6.90 2,254.09BE6011 : .31 .30 .31 .31 .28 .31 .53 719.69 3,735.97 2911.25 63.69 3,60 7,436.55BE6012 2.17 2.40 2.17 2.17 1.96 2.17 2.10 59.18 555.52 9,95 15.50 6.60 661.89BE6013 : .31 : .30 .31 .31 .28 .31 .30 37.85 1,451.32 36,28 5.52 .90 1,533.99BE6014 : .31 : .30 .12 .12 .11 .12 : 3.55 237.36 1,247.88 40.38 4.04 1.08 1,535.37BE6015* 3.80 4.20 3.72 4.24 3.36 3.72 8.60 2.429.67 24,929.21 5769.71 154.11 18.35 33,332.6963.69 75.05 61.80 159.85 52.47 55.76 12 4.66 14,411.50 149,161.49 25472.51 802.72 151.33 190,492.83
*Ruby River Stations; others are at major tributaries
Table 6. Suspended sediment yield in tons for water year 1976, uppet Ruby River drainage.
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Station OCT. • NOV. DEC. JAN. FEB. MAR. APR. MAY JUNE JULY AUG. SEP. TOTAL
BE.6001 1.27 1.06 .62 .62 .29 , .41 5.86 1,189.98 514.20 33.89 7.25 1.78 1,757.23BE6003* 39.06 38.19 29.45 15.50 11.31 26.11 127.93 7,416.68 2,628.64 312.34 126.23 42.95 10,814,39BE6004 48.67 50.67 45.57 42.78 3:7.41 49.21 148.35 3,838.07 455.27 59.45 46.46 45.85 4,867.76BE6005 .93 .70 .62 .31 .29 .39 1.74 1,109.31 266.80 10.18 7.99 .78 1,400.04BE6006 1.24 • 1.22 1.24 .93 .87 1.34 6.43 890.42 455.46 32.06 27.27 .85 1,419.33BE6007* 12.76 11.35 9.50 4.99 3.71 6.23 30.32 3,499.72 724.91 74.25 42.10 14.34 4,434.18BE6008* • 20.46 19.80 17.36 8.68 6.67 11.54 63.94 5,661.36 2,048.92 208.67 112.88 16.26 8,196.54BE6009* 87.11 83.15 74.40 55.80 44.66 80.82 302.22 14,776.13 4,258.36 441.60 137,21 82.44 20,423.90BE6010 5.89 5.32 4.34 2.17 1.74 2.80 14.74 514.69 240.23 46.64 14.28 5.51 858.35BE6011 4.96 5.44 4.34 1.86 1.45 3.11 23.42 388.06 646.48 83.12 39.14 5,42 1,206.80BE6012 4.96 4.27 3.72 2.17 1.45 2.52 11.08 266.29 36.01 10.94 6.63 5.41 355.45BE6013 .93 .94 .93 .31 .29 .45 2.46 413.54 44.61 5.81 2.04 .83 473.14BE6014 1.86 1.86 1.24 .93 .29 2.26 36.94 435.38 176.06 8.65 4.91 . 2.13 672.51
BE6015* 27.90 27.61 21.08 11.47 8.41 22.53 189.87 8,174.79 2,773.93 283.48 62.64 26.87 11.630.Sft258.00 251.58 214.41 148.52 118.84 209.72 965.30 48,574.42 15.269.88 1611.08 637.03 68, sin. 20
*Ruby River Stations; others are at major tributaries
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Chapter 6 
ANALYSIS OF DATA
Suspended Sediment
Major sediment source areas can be picked from Table 7 where the 
two-year average suspended sediment yields are listed, starting with the 
uppermost station and ending with the lowest at Ruby Canyon. With the 
exception of about 2900 tons of depositional loss between stations. Ruby 
River 1/2 Mi. below 3-Fks and Ruby River at LaVelle Bridge, the sum of 
the tributary and mainstem channel sediment contributions are additive 
down to Ruby Canyon. Three-fourths of the sediment is coming from the 
major tributaries (see Figure 18). With twenty-three percent of total 
contribution. Cottonwood Creek is by far the largest tributary source. 
Cottonwood Creek is followed by the Middle Fork of the Ruby with fifteen 
percent, by the West Fork and Warm Springs Creeks each with twelve percent, 
and by the East Fork with eleven percent. Coal Creek is the largest 
contributor to the Middle Fork with six percent of the river basin total.
Sediment derived from mainstem river channel sources was most signi­
ficant at the Middle Fork and at the river below Vigilante Bridge, where 
averages of over 1,700 and 8,000 tons per year were added, respectively.
In terms of sediment yield per unit of area. Cottonwood Creek is also
highest with a two-year average of 377 tons per square mile. Poison Creek,
2East Fork, and West Fork all average over 200 tons/mi. . Lowest sediment
producers are Warm Springs Creek with 83 tons/mi.^, and the upper Ruby River
2 2 above Coal Creek with 71 tons/mi. . Approximately 165 tons/mi. was the
basin average sediment discharge at Ruby Canyon for water years 197 5 and
1976. This is more than double yields found on the West Fork of the Madison
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Station
Number
Water Quality
Station 1
Average 2-Yr. 
îedimeiit Yield
Area
(Sq.Mi.)
Tons/ 
Sq. Mi.
BE6010 Ruby River above Coal C. 1,556 22.0 71
BE6005 Coal C. 2,115 15.1 140
BE6012 Basin C. 509 5.6 91
BE6013 Poison C. 1,004 4.0 251
BE6007 MF Ruby River 6,887 55.4 124
BE6011 WF Ruby River 4,322 21.5 201
BE6006 EF Ruby River 4,018 16.3 246
BE6008 Ruby River Mi. bl 3-Fk Î 15,958 95.5 167
BE6014 Burnt C, 1,104 7.0 158
BE6001 Cottonwood C. 8,024 21.3 377
BE6003 Ruby R. at LaVelle Bridg > 22,194 136.9 162
BE6015 Ruby R. at Vigilante Bdg 22,482 151.3 149
BE6004 Warm Springs C. 4,055 48.8 83
BE6009 Ruby River below Canyon 35,274 214.2 165
Table 7. Suspended sediment yield per unit area, upper Ruby River and
tributaries, 1975 and 1976
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Figure 18 Major suspended sediment contributors, upper Ruby River 1975 and 1976, in percent.
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River by Lisle (1972) in 1971, also a high water year.
Precipitation
Long term precipitation records for valley stations at Dillon and 
Virginia City show interesting trends, Dillon is becoming drier while 
Virginia City is receiving about the same or slightly increased precipi­
tation (Figure 19), Comparison of either of these records with stream 
discharge on the Ruby River could be misleading.
Streamflow
During the two water years that suspended sediment was measured,
1975 total stream discharge on the Ruby River was the highest in 38 years 
of record. Fifth highest was in 1976, Instantaneous peak flow recorded 
in 197 5 was 1590 cubic feet per second or equivalent to a 25-year event.
A peak of 1290 cubic feet per second in 1976 was somewhere between a five- 
year to a ten-year event. Analysis of the stream-flow data (Figure 20) 
reveals that annual stream discharge has been above average from 1966 
through 1976, If increased stream discharge has accelerated lateral bank 
cutting and channel migration since 1966, there probably has been a net 
loss of sediments from the floodplains of the Ruby River and lower reaches 
of the tributaries.
There are no long term snow courses located in the upper Ruby River 
drainage. However, plotting the last 14 years of existing snow survey data 
from the Gravelly Range Clover Meadows snow course against annual stream 
discharge on the Ruby River (Figure 21) produced good correlations. Twenty- 
one years of annual precipitation data from mountain storage gage stations 
on the Gravelly and the Snowcrest Ranges also correlates well with Ruby 
River stream discharge (Figure 22).
Virginia City, Montana
H
Dillon, Montana
1910 1920 1930 1940 1950 1960 1970 1980
Figure 19. Precipitation trends (5-Yr. running average) for valley weather stations at Dillon and
1900
■Y
Virginia City, Montana
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Figure 21. Relationship of snow water equivalent to annual stream discharge on the Ruby River.
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Figure 22. Relationship of annual mountain precipitation (average of storage gages at Lazyman 
Hill and Antone Pass) to annual stream discharge on the Ruby River.
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Chapter 7 
DISCUSSION
Channel Erosion
Gully and rill channel formation and integration near the crest of
the Gravelly Range, the result of grazing abuse early in the century, has
had an effect of concentrating and increasing runoff, Morisawa (1968) 
stated that a stream will lower its gradient by scouring its channel at 
the point of excess power. This steepens the slope above the point causing 
a wave of channel erosion to proceed upstream. Bedrock being of soft 
Cretaceous sediments over much of the area means that channel incision 
is probably continuing during these recent years of above average mountain 
precipitation.
Evaluations made on the Ruby River and major tributaries shows that 
channel stability is rated as only fair to poor (Figure 23). These channel 
stability analyses are designed primarily to evaluate the resistive capacity 
of mountain stream channels to detachment of bed and bank materials from 
increased volumes of flow and sediment production created from timber har­
vest (Pfankuch 1975) or other vegetation manipulation. Channel stability 
ratings of fair and poor in the upper Ruby drainage indicates that increases 
in flow brought about by climatic change or vegetation manipulation might 
cause major channel erosion, especially when the water holding capacity of
the upper watershed has been decreased.
Since the equilibrium of a watershed is largely controlled by stream- 
flow and sediment transport, increase or decrease in sediment available for 
transport could add to channel instability. Could it be that increased 
precipitation has created better vegetative vigor and ground cover and reduced
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erosion and sediment delivery to the tributary streams? If there is less 
sediment delivery now and increased runoff due to climatic change, then 
there is a double edged sword acting on stream banks of inherent instabil­
ity. A paradox in land management may even exist: Could it be that im­
proved land management has increased vegetative cover, reduced erosion, 
and created havoc in the channels?
Figure 23. Channel erosion Ruby River 1975,
In a sedimentation study in Coon Creek Valley in Wisconsin, Trimble 
(1976) attributed decreased sedimentation rates to changes of land use and 
land treatment. He showed that extraordinary high rates of erosion and 
sedimentation existing under human disturbance can be greatly mitigated by 
conservation practices started in 1938. However, he observed continued 
erosion of tributary channels and that sediment loads may be partially 
attributable to channel rather than upland erosion. Similar observations
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were made by Lisle (1972) and Rosgen (1976) on the West Fork of the 
Madison River located over the southeast drainage divide of the upper 
Ruby River. Lisle estimated that about forty-eight percent of the sus­
pended sediment yield of the West Fork was from streambank erosion by 
lateral cutting.
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Chapter 8 
CONCLUSIONS
Suspended sediment yield for a mountain watershed primarily used for 
livestock grazing has been quantified for water years 1975 and 1976. Basin 
yield of suspended sediment averaged 165 tons/mi, for the two year study. 
Approximately one—fourth of the basin yield originated from channel erosion 
on the Ruby River mainstem and this was mostly from the lowest reach be­
tween Vigilante Bridge and Ruby Canyon. Cottonwood Creek contributed
approximately 23 per cent of the sediment load, highest of all the tribu-
2taries, and at an annual rate of 377 tons/mi, ,
An assessment of the area indicates that the Ruby River headwaters 
area is underlain by soft sedimentary rocks and heavy textured soils.
These soils are susceptible to high natural erosion rates and mass 
wasting. On the Gravelly Range side, where most of the sediment is pro­
duced, large areas have been affected by rapid flowage and landslide type 
mass wasting in the past. Overgrazed headwaters at the turn of the century 
caused rills, gullies, and a well integrated drainage net, such as in upper 
Cottonwood Creek. Now increased drainage efficiency and lessened water 
holding capacity, has tended to concentrate runoff and increase streamflow 
peaks. With range condition much better now, sediment production from land 
surfaces is reduced. Yet, during these recent times of above average moun­
tain precipitation, the increased runoff is probably causing: (1) continued
stream bed incision at gullies and rills, (2) remobilizing of old slumps 
impinging upon channels, and (3) accelerated migration of the Ruby River 
channel as it is adjusting to larger flows.
Although the mainstem of the Ruby River was found to be a major source
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of sediment, the source of sediment from the tributaries (whether from 
surface erosion, mass wasting, or channel erosion) remains in doubt. In 
other words short term measurement of sediment transport at one water 
quality station per tributary may be a dubious indicator of upland processes. 
Further sediment studies on the major sediment contributing tributaries 
would be useful to further define sediment sources. Sediment yields from 
above and below suspected sediment source areas are needed, and channel 
cross-sections are needed where channel profiles can be re-measured to 
establish trends or changes in channel morphology.
51
REFERENCES CITED
52
LIST OF REFERENCES CITED
Alden, W.C. 1953. Physiography and glacial geology of western Montana 
and adjacent areas. Prof. Paper 231, U.S. Geol. Survey, 200 pp.
Christie, Harold Hans, 1961. Geology of the southern part of the 
Gravelly Range, southwestern Montana. M.S. Thesis, Oregon 
State College, 159 pp.
Elser, Allen A., and Ronald G. Marcoux, 1972. Inventory of the waters 
of the project area. Montana Fish and Game Dept., Fisheries 
Division, Helena, Montana, 39 pp.
Fames, P.E., and B.A. Shafer, 1975. Hydrology of Jefferson River 
drainage. U.S. Soil Conservation Service, State Office,
Bozeman, Montana, 41 pp.
Guy, Harold P., 1969. Laboratory theory and methods for sediment analy­
sis. Techniques of Water-Resources Investigations of the U.S.G.S., 
Book 5, Laboratory Analysis, Chapter Cl., 59 pp.
 , 1970. Fluvial sediment concepts. Techniques of Water-
Resources Investigations of the U.S.G.S., Book 3, Applications 
of Hydraulics, Chapter Cl., 55 pp.
______ , and Vernon W. Norman, 1970. Field methods for measure­
ment of fluvial sediment. Techniques of Water-Resources Investi­
gations of the U.S.G.S., Book 3, Applications of Hydraulics,
Chapter C2., 59 pp.
Hadley, Jarvis B., 1969. Geologic map of the Varney quadrangle, Madison 
County, Montana. GO-814, U.S. Geol. Survey, Washington D.C., Ip.
Leopold, Luna B., M.G. Wolman, and J.P. Miller, 1964. Fluvial processes 
in geomorphology. W.H. Freeman and Co., San Francisco, 522 pp.
Lisle, Thomas E., 1972. Sediment yield and hydrodynamic implications.
West Fork of the Madison River, Montana, M.S. Thesis, University 
of Montana, 78 pp.
Lustgraaf, Will, 1975. Some general comments pertinent to the geology
of the Ruby River area - southwestern Montana. U.S. Forest Service 
Open File Report, Dillon, Montana, 5 pp.
Mann, John A., 1954. Geology of part of the Gravelly Range, Montana.
Yellowstone-Bighorn Research Project, Contribution 190, The 
Yellowstone-Bighorn Research Association, Inc., 92 pp.
Miller, Marvin R., 1974. Hydrogeochemical investigation of selected water­
sheds in southwestern Montana. Project A-029MONT, Montana Univer­
sity Joint Water Resources Research Center, Bozeman, Montana, 11 pp.
53
Monroe, James S. 1976. Vertebrate paleontology, stratigraphy and
sedimentation of the upper Ruby River basin, Madison County, 
Montana. Ph. D. Thesis, University of Montana, 301 pp.
Morisawa, Marie, 1968. Streams their dynamics and morphology. McGraw- 
Hill, New York, 175 pp.
Mueggler, W.F. 1971. Weather variations of a mountain grassland in
southwestern Montana. Res. Paper INT-99, U.S. Forest Service 
Intermountain Forest and Range Experiment Station, 25 pp.
Pfankuch, Dale J. 1975. Stream reach inventory and channel stability 
evaluation. U.S. Forest Service, Region One, Missoula,
Montana, 26 pp.
Pfister, Robert D., B. L. Kovalchik, and S.F. Arno, 1977. Forest
habitat types of Montana. General Technical Report INT-34,
U.S. Forest Service, Intermountain Forest and Range Experiment 
Station, 174 pp.
Poff, Roger J. 1974. Land type map of the Gravelly Range, Open File 
Report, U.S. Forest Service, Dillon, Montana.
Rosgen, David L., 1976. The use of color infrared photography for de­
termination of suspended sediment concentrations and source areas.
Proceedings of the Third Federal Inter-Agency Sedimentation
Conference, Sedimentation Committee, Water Resources Council, 
pp. 7: 30-42.
Trimble, Stanley W. 197 6. Sedimentation in Coon Creek Valley, Wisconsin.
Proceedings of the Third Federal Inter-Agency Sedimentation
Conference, Sedimentation Committee, Water Resources Council, 
pp. 5: 100-112.
U.S. Dept, of Agriculture, 1937. Climatic summary of the United States, 
section 9 - southwestern Montana. Washington D.C., 19 pp.
U.S. Dept, of Commerce, 1955. Climatic summary of the United States 
supplement for 1931 through 1952 - Montana, Washington D.C.,
60 pp.
 , 1965. Climatic summary of the United States
supplement for 1951 through 1960 - Montana. Washington D.C., 
112 pp.
, 1965. Climatological summary, climate of Dillon,
Montana. Washington D.C., 1 p.
, 1962 - 1977. Climatological data, Montana,
annual summary (1961-1976). Asheville, N,C.
54
U.S. Forest Service, 1974. Forest hydrology, hydrologie effects of
vegetation manipulation, part II; U.S. Forest Service, Region 
One, Missoula, Montana, 200 pp.
_______________ ,1977. Draft environmental statement and land manage­
ment plan for the Beaverhead National Forest, Dillon, Montana, 
438 pp.
U.S. Soil Conservation Service. 1968. Average annual mountain preci­
pitation, Montana. 1:1,000,000 map.
APPENDIX
Table 8. Miles of stream by stream order, upper Ruby River,
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STREAM NAME MILES BY STREAM ORDER
ORDER
1 2 3 4 5 6 7 SUBTOTAL TOTAL
Cabin C. 4.2 2.0 .3 6.5
Shovel C. (other) 9.0 3.5 4.5 .5 17.5
Shovel C, 13.2 5.5 4.8 .5 24.0 24.0
Swamp C. 1.5 1.2 .8 3.5 3.5
NF Corral C 3.5 2.2 2.2 7.9
Corral C (other) 6.5 .7 3.0 2.4 12.6
Corral C 10.0 2.9 5.2 2.4 20.5 20.5
Pocket C 2.0 1.5 .8 4.3
Divide C (other) 7.8 2.5 5.5 .7 16.5
Divide C 9.8 4.0 6.3 .7 20.8 20.8
Other facing tributaries 16.1 9.0 1.8 26.9 26.9
Mainstem above Coal C .8 2.3 1.3 4.4 4.4
Subtotal 16.1 9.0 2.6 2.3 1.3 31.3 31.3
*Ruby R. above Coal C (Total) (50.6) (22.6) (19.7) (5.9) (1.3) (100.0) (100.1)
Murphy C 2.8 1.5 .5 4.8
Perkins C 6.3 2.5 1.3 1.5 11.6
Coal C (other) 36.0 11.8 4.5 1.5 4.2 58.0
*Coal C 45.1 15.8 6.3 3.0 4.2 74.4 74.4
*Basin C 14.0 5.2 2.3 21.5 21.5
*Poison C 7.8 2.0 4.2 14.0 14.0
Table 8. (Continued)
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STREAM NAME MILES BY STREAM ORDER
ORDER
1 2 3 4 5 6 7 SUBTOTAL TOTAL
Hawkeye C 11.0 3.5 3.5 18.0 18.0
Deer C 1.8 .3 1.0 3.0 3.1
Other facing tributaries 8.8 2.6 .8 12.2 12.2
Mainstem 5.8 5.8 5.8
Subtotal 43.3 13.6 11.8 5.8 74.6 74.6
*MF Ruby R (Main Fk)(Total) (139.1) (52.0) (37.8) (8.9) (5.5) (5.8) (249.1) (249.1)
Andy Dick C 7.0 2.5 2.2 11.7
Beaver C (other) 9.5 3.8 1.5 3.8 18.6
Beaver C 16.5 6.3 3.7 3.8 30.3 30.3
Yakama 5.2 2.2 2.5 9.9
No Name 3.5 1.2 1.0 5.7
Timber 6.8 2.8 1.2 .8 11.6
W. Fk. Ruby (other) 37.5 14.2 2.0 3.5 3.8 61.0
WF Ruby less Beaver 53.0 20.4 6.7 4.3 3.8 88.2 88.2
*WF Ruby R. (Total) 69.5 26.7 10.4 8.1 3.8 118.5 118.5
Tributary C 6.5 2.8 1.8 11.1
EF Ruby (other) 36.5 8.0 7.5 6.0 58.0
*EF Ruby R (Total) 43.0 10.8 9.3 6.0 69.1 69.1
Ruby R above 3-Fk*s (251.6) (89.5) (57.5) (23.0) (5.8) (436.7) (436.7)
Dog C 5.2 3.0 1.0 9.2 9.2
Other facing tributaries 1.1 .2 1.3 1.3
Mainstem .8 .8 .8
Subtotal 6.3 3.2 1.0 .8 11.3 11.3
Table 8• (Continued)
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STREAM NAME MILES BY STREAM ORDER
ORDER
1 2 3 4 5 6 7 SUBTOTAL TOTAL
*Ruby R mi. below 3-Fk*s (257.9) (92.7) (58.5) (23.0) (9.3) (6.6) (448.0) (448.0)
Elk C 2.2 1.5 .8 4.5 4.5
*Burnt C 14.0 7.5 5.5 .5 27.5 27.5
NF Cottonwood 9.0 3.0 3.5 15.5
Iron C 3.8 1.5 5.3
Geyser C 3.5 1.8 5.3
Cottonwood C (other) 37.5 12.0 4.5 8.2 62.2
*Cottonwood C 53.8 18.3 8.0 8.2 88.3 88.3
Dry Fawn C 1.0 .8 2.2 4.0 4.0
Fawn C 10.0 2.2 4.5 .8 17.5 17.5
Bear C 4.2 1.2 2.0 7.4 7.4
Jug C 4.5 1.5 2.0 8.0 8.0
Other facing tributaries (EW] 11.7 2.3 14.0 14.0
Mainstem 5.2 5.2 5.2
Subtotal 101.4 35.3 25.0 9.5 5.2 176.4 176.4
*Ruby R above LaVelle (359.3) (128.0) (83.5) (32.5) (9.3) (11.8) (624.4) (624.4)
Short C 4.2 1.5 .8 6.5 6.5
Lazyman C 8.0 4.0 1.8 13.8 13.8
Squaw C 2.0 1.5 3.5 3.5
Cow C 4.0 1.5 1.5 7.0 7.0
Bull C 4.5 2.2 1.0 7.7 7.7
Romy C 3.0 2.8 1.1 6.9 6.9
Other facing tributaries 6.3 .5 6.8 6.8
Table 8. (Continued)
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STREAM NAME. MILES BY STREAM ORDER
ORDER
1 2 3 4 5 (f 7 SUBTOTAL TOTAL
Mainstem 3.5 3.5 3.5
Subtotal 32.0 14.0 6.2 3.5 55.7 55.7
*Ruby R above Vigilante Bdg. (391.3) (142.0 (89.7) (32.5) (9.3) (15.3) (680.1) (680.1)
Badger C 1.8 2.2 4.0 4.0
Lewis C 2.0 2.0 2.0
Clisar C 3.8 .4 1.8 6.0 6.0
Other facing tributaries 5.0 2,5 7.5 7.5
Mainstem 1.5 1.5 1.5
Subtotal 12.6 5.1 1.8 1.5 21.0 21.0
Ruby R. above Warm Sprgs. (403.9) (147.1) (91.5) (32.5) (9.3) (16.8) (701.1) (701.1)
SF. Warm Springs C 22.5 12.5 .5 4.0 39.5 39.5
ME; Warm Springs C 16.5 9.0 .5 3.5 .2 29.7 29.7
French Gulch 13.0 5.5 1.5 2.2 22.2
Sawlog Gulch 6,0 2,5 1.2 9.7
Gumbo C 2.5 .5 3.0
Warm Sprgs. C ab MF
(other) 43.3 17.2 4.8 4.2 2.0 71.5
Warm Sprgs. ab MF 64.8 25.7 7.5 6.4 2.0 106.4 106.4
Other facing trlbs and
mainstem 1.3 .1 .8 2.2 2.2
*Warm Sprgs. C ab Water
Quality Station 105.1 47.3 8.5 13.9 2.2 .8 177.8 177.8
Table 8. (Continued)
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STREAM NAME MILES BY STREAM ORDER
ORDER
1 2 3 4 5 6 7 SUBTOTAL TOTAL
Davis C 4.5 1.0 2.2 7.7 7.7
Other facing trlbs. &
mainstem 2.3 1.0 3.3 3.3
Subtotal 6.8 1.0 2.2 1.0 11.0 11.0
Warm Springs (Total) ; 111.9 48.3 10.7 13.9 2.2 1.8 188.8 188.8
Ruby R at Larson Bridge ;(515.8) (195.4) (102.2) (46.4) (11.5) (18.6) (889.9) (889.9)
Jobe C 3.2 1.2 1.0 5.4 5.4
Golden Sucker Gulch 1.5 1.0 2.5 2.5
Timber C 6.8 2.0 1.8 10.6 10.6
Schoolmarm Gulch 1.8 1.0 .5 3.3 3.3
Other facing tributaries 7.4 1.7 9.1 9.1
Mainstem 4.5 4.5 4.5
Subtotal 20.7 6.9 3.3 4.5 35.4 35.4
*Ruby R ab Canyon Campgrd, (536.5) (202.3) (105.5) (46.4) (11.5) (18.6) (4.5) (925.3) (925.3)
* Water Quality Stations
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Figure 24.
Sediment rating curves for station BE6001, Cottonwood Creek
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Figure 25. Sediment rating curves for Station BE6003, Ruby
River at LaVelle Bridge.
62
1000
u
S
•H
nu
Cto
•H
t -J 
r— I
2
■uI
<Üco
■s
"g& 10
co
w
1975 Y
1976 Y 
1975-1976 Y
0000031015856 X 3.608514 
00289736 X 2.0805236 
00031516 X 2.5841379
' ' ' “ÏOO
stream Discharge in Cubic Feet per Second
10
Figure 26. Sediment rating curves for station BE6004, Warm
Springs Creek.
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Figure 27. Sediment rating curves for station BE6005, Coal Creek.
1000 64
CO
-H
•H
4J
•H
CO
10
co
a X
/ 1975 Y
1976 Y - 2.1189718 X 
1975-1976 Y
10237776 X 1.5858079 
77879653 
75336499 X 1.0774618
100
Stream Discharge In Cubic Feet per Second
Figure 28, Sediment rating curves for station BE6006, East
Fork Ruby River.
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Figure 29. Sediment rating curves for station BE6007, Middle
Fork Ruby River.
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Figure 30. Sediment rating curves for station BE6008, Ruby
River below 3-Fk’s,
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Figure 31. Sediment rating curves for station BE6009, Ruby
River below Canyon Campground.
6B
u
<0■u
u0)cuIu00
%
0
I
•SCO
*00)nasp«
CO3CO
100»
100
10
.67496178 X 1.1501426 
5.6638288 X .51604165 
2.1941592 X .81951818
1975
1976 
1975-1976
10 100
Stream Discharge In Cubic Feet Per Second
Figure 32. Sediment rating curves for station BE6010, Ruby
River above Coal Creek.
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Figure 33. Sediment rating curves for station BE6011, West
Fork Ruby River.
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Figure 34. Sediment rating curves for station BE6012, Basin
Creek.
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Figure 35. Sediment rating curves for station BE6013,
Poison Creek.
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Figure 36. Sediment rating curves for station BE6014,
Burnt Creek.
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at Vigilante
